Background: Several investigations on the complete-incomplete fusion (CF-ICF) dynamics of α-cluster well-bound nuclei has been contemplated above the Coulomb barrier (∼ 4-7 MeV/nucleon) in recent years. It is therefore expected to observe significant ICF over CF in the reactions induced by a weakly bound α-cluster nucleus at slightly above the barrier.
I. INTRODUCTION
Enormous efforts have been made to study fusion-like events, viz., complete fusion (CF), incomplete fusion (ICF) and direct processes, such as breakup or transfer in many mediumenergy weakly bound heavy-ion (A ≤ 20) induced reactions on intermediate/heavy mass nuclei around the Coulomb barrier to well above it [1] . A consistent systematic comparison of experimental results reveals the enhancement of CF cross section at sub-barrier energies and suppression above it leading to ICF contribution in loosely bound projectiles. However, the total fusion (TF) cross section was satisfied by the coupled channel (CC) calculations indicating an insignificant influence of continuum or the transfer channel on TF, whereas, enhancement was observed below the barrier in heavy mass nuclei [1] [2] [3] [4] . Moreover, significant ICF over the CF above the barrier ∼ 4-10 MeV/nucleon in well-bound α-cluster ion induced reactions has also been observed in the α-emitting channels over the past few years [5] [6] [7] [8] [9] [10] . More experimental investigation is therefore necessary to resolve discrepancies in the dependence of CF-ICF on projectile types at the low incident energies, particularly, for weakly bound nuclei in which breakup yield is more probable in the nuclear force field.
In a CF process, projectiles having low impact parameter or angular momentum (l) smaller than critical angular momentum (l crit ) where the attractive nature of potential disappears at the point of contact of interacting nuclei, coalesce completely with the target by overcoming the nuclear interaction and form a completely fused excited composite system. In a fusion process following breakup, one possibility is that only a fragmented cluster of projectile blend with the target, known as incomplete or partial fusion, forming composite system with smaller charge, mass, excitation energy, momentum, and angular momentum compared to the CF process. Remnant part of the projectile (another cluster) flies away towards the forward direction with velocities near that of the projectile. Another possibility is the sequential merging of the fragments into the target which could not be experimentally distinguished from the CF process. Experimentally, one can usually measure total fusion (CF + ICF) cross-section, except some special cases, for instance, a heavy mass nuclei where neutron emission (apart from fission) is only dominant channel and emission of charge particles are usually hindered due to large Coulomb barrier [11] . For the weakly bound projectiles having low breakup thresholds, fusion-like processes can be influenced either by static effects as the shape of the target-projectile potential may affected by large diffuseness in density 3 distribution or by dynamical effects due to coupling to bound states as well as to the continuum. Moreover, ICF processes in weakly bound particle induced reactions may also be favoured due to considerable breakup yield. Thus CF and ICF are two distinct and independent processes, having the characteristic velocity distribution of populated residues, utilized in the recoil range distribution techniques for CF-ICF study [11] [12] [13] [14] [15] . However, it it worthy to mention at this point that contribution of ICF process may include also the direct processes, which would eventually lead to the same effect as ICF.
About half a century ago, forward peaked high energetic α-particles were observed in the intermediate energy heavy-ion induced reactions leading to the considerable partial fusion due to merging of remaining part of a projectile with the target, termed as massive transfer reactions [16] [17] [18] [19] . In the eighties and nineties, a number of light heavy-ions (such as 12 C, 16 O, 20 Ne etc.) induced reactions on heavy nuclei was performed to investigate CF-ICF using particle-gamma coincidence techniques and recoil range distribution techniques [11] [12] [13] [14] [15] [20] [21] [22] [23] . It is observed that the articles [18] [19] [20] [21] are consistent with the sum rule model [24] and [13] [14] [15] 23] with the breakup fusion model [25] [18, 19, [26] [27] [28] . The dependence of the localization of the entrance channel angular momentum (l) window on deformation of target nucleus was well described in the review of Gerschel et al. [29] . However, ICF was also observed at the low projectile energies near barrier which mainly involve l ≤ l crit reported by Tricoire et al, Utsunomiya et al., Tserruya et al. [30] [31] [32] .
From the past decade, several efforts were made to study the effects of various entrance channel parameters, like projectile energy and its structure, angular momentum (l) window for ICF, deformation of interacting nuclei, mass asymmetry, α-Q values (Q α ) etc. on the ICF process by the recoil range distribution technique/recoil-catcher activation technique [5] [6] [7] [8] [9] [10] .
An increment in the breakup probability of a projectile with the increasing bombarding energy, more ICF in α-cluster nuclei than others and more ICF for larger entrance channel mass asymmetry corresponding to the same relative velocity, significant ICF contribution for l ≤ l crit contrary to the sum rule model, has been observed in 12, 13 was collected by an electron suppressed Faraday cup fixed at the rear side of the target assembly and was measured by using a digital current integrator. Beam flux was kept almost constant during the experiment.
B. Identification of residues
After the end of bombardment (EOB), the activity of populated radionuclides in each target matrix was determined using the γ-ray spectrometry employing an n-type HPGe detector having an energy resolution of 2.1 keV at 1.33 MeV. Several time resolved γ-ray spectra were acquired for a sufficiently long time period and analyzed using a digital spectrum analyser (DSA) and GENIE-2K software. The energy and efficiency calibration of the detector was performed by using standard sources: 152 Eu (13.53 a), 137 Cs (30.08 a), 60 Co (5.27 a), 133 Ba (10.51 a) of known strength. Each Mo foil along with an Al foil were collectively analyzed using a proper geometry so that the dead time of the detector should be less than 5% for all measurements. The radionuclides were identified by their characteristics γ-ray energies and corresponding decay curve. Nuclear spectroscopic data of the residual radionuclides are listed in Table I [48]. Details of the activity calculation, cross-section estimation and corresponding uncertainties are described in our previous reports [49] [50] [51] . Contribution of CF and ICF from the measured cross section data has been accomplished with the help of theoretical model codes: EMPIRE3.2 [54] and PACE4 [55] . EMPIRE takes into account all three major reaction formalisms: Direct, PEQ, and EQ processes, while PACE considers only statistically equilibrated compound nuclear system (EQ). A brief comparative analysis of both the codes has been presented below:
• Emission of direct particles is estimated in EMPIRE by coupled channel approach or distorted wave Born approximation (DWBA) method [56, 57] . There is no such provision to account the direct processes in PACE.
• Hauser-Feshbach formalism was adopted for evaporation of particles by both, EMPIRE and PACE; however EMPIRE also includes the width fluctuation correction factor to account correlation between entrance and exit channel inelastic scattering.
• EMPIRE utilizes an exciton model for PEQ emission of particles in heavy-ion induced reactions employing capability of cluster emission in terms of the Iwamotto Harada model.
Multistep direct (MSD), multistep compound (MSC), hybrid Monte Carlo simulation approach can also be used for a light particle induced reactions; however, PACE does not consider PEQ emissions.
• In EMPIRE, simplified coupled channels approach [58] or distributed fusion barrier model can be chosen for the transmission coefficient calculation, and subsequently complete fusion cross section. PACE adopts simple one dimensional tunnelling fusion barrier using Bass potential [59].
• Various level density options such as an enhanced generalized superfluid model (EGSM), generalized superfluid model (GSM), Gilbert-Cameron (GC) level density model, and microscopic combinatorial level density (HFBM) are provided in EMPIRE, whereas GC level density is the only option available in PACE.
• Energy-dependent Ignatyuk level density parameter is used in EMPIRE. In PACE, level density parameter, a = A/k, where A, and k are the mass number and free adjustable parameter, respectively, is used.
• EMPIRE calculates isomeric state production cross section separately apart from total (sum of ground and isomeric state) cross section, while PACE estimates only total production cross section of a particular residue.
• Fission coefficient can be selected in EMPIRE depending on the type of projectiles: an optical model for fission induced by light particles and the Sierk model for heavy-ion induced fission. In PACE, fission is considered as a decay mode, and is calculated using modified rotating liquid drop fission barrier by A. J. Sierk [60] .
In order to appreciate the predictability and effectiveness of both the codes for the heavyion induced reactions, theoretical cross sections obtained from PACE and EMPIRE are compared with the experimental data. Cross sections were estimated from all the stable isotopes of Mo ( 92,94,95,96,97,98,100 Mo) and were added according to their natural abundances. In the PACE calculation, level density parameter a = A/10 was used and quantum mechanical tunnelling barrier was selected. In the EMPIRE, exciton model with 1.5 mean free path and EGSM level density were used, simplified coupled channel calculation was used for the estimation of fusion cross section.
III. RESULTS AND DISCUSSION
A systematic identification and quantification of populated residues in the The cross section values of 97,95 Ru along with the theoretical curves are presented in Fig 3(a),(b) . EMPIRE explains the experimental results of 97 Ru (Fig 3(a) ) up to 38 MeV incident energy and underpredicts above it . Fig 3(b) 
where, σ i , σ c represent the independent and cumulative cross section of daughter nuclei, respectively; σ p indicates the independent production of precursor radionuclide; P p is the branching ratio of precursor and T d 1/2 , T p 1/2 represent half-lives of daughter and precursor radionuclides, respectively. Hence, independent production cross section of 97 Ru, shown in Fig 3(a) , was determined from the equation : It is worthy to note that the residues produced through α-emitting channels may arise from the CF and/or ICF mechanism. In the CF, 7 Li completely fuses with the target and form statistically equilibrated compound nucleus, which may eventually decay via αxn channels. However, in case of a weakly bound projectile like 7 Li, it is quite likely that 7 Li may break into α+triton (t) in the nuclear force field before fusion occurs and only one part of the projectile may get fused to the target nucleus forming an incomplete composite system, and the remnant α/t moves in the forward cone with approximately the same velocities as projectile. Due to have seven naturally abundant isotopes of nat Mo, various reaction channels contribute to the production of a single residue (Table I) 
D. ICF analysis
The analysis of ICF in α-particle emitting channels has been carried out using the data reduction method [4, 5] with the theoretical model calculations, PACE and/or EMPIRE which do not include the contribution of ICF process. The enhancement in the measured cross section data over the theoretical evaluation may be regarded as ICF, defined as, say for
αxn , when it explains the other reaction channels with the same set of parameters. Comparative analysis of both the codes with the measured data (Fig 2, 3) reveals that EMPIRE calculation is more reliable compared to PACE. It may be due to accurate treatment of fusion evaluation for heavy-ion induced reactions (CC-FUS mechanism), collective (rotational/vibrational) effect energy-dependent level density (EGSM) and consideration of PEQ processes (exciton model) in addition to the compound process. Therefore, EMPIRE calculation was chosen for the analysis of the ICF, which could be obtained from the difference between theoretical and experimental observations. In the Fig 6(a) , sum of the measured cross sections of all the xn-and pxn-channels (Σσ xn+pxn ) are compared with those obtained from PACE and EMPIRE. It is perceived that both the model calculations explain the measured data satisfactory within the observed energy region, which confirms the production of residues via xn-and pxn-channels through the CF mechanism. A comparison between the sum of the measured cross sections of the αxn-emitting channels (Σσ αxn ) and theoretical cross sections estimated with the same set of parameters as used for the other channels is presented in Fig 6(b) . Experimental observations were found to be fairly large compared to both the theoretical calculations throughout the energy window, indicating the production of residues through the ICF process in addition to the CF. is the total theoretical fusion cross section), with increasing projectile energies was observed in the 7 Li+ nat Mo, as shown in Fig 6(d) , similar to that observed in case of the α-cluster projectiles [5] [6] [7] [8] . Nevertheless, limitation of the present method includes unobserved α-emitting channels that went unidentified due to the short half-lives of the 12 residual radionuclides, or production of stable isotopes; hence the ICF corresponding to these missing channels could not be determined. Thus, the computed ICF cross section (σ ICF shown in Fig 6(c) ) may be considered as the lower limit of ICF for 7 Li+ nat Mo reaction in the α-emitting channels.
IV. SUMMARY
This article deals with the measurement of the cross section of evaporation residues produced via CF/ICF in the 7 Li + nat Mo system within 3-6.5 MeV/nucleon energy region.
Experimental cross section data are analysed by comparing the theoretical model calculations, mainly from the Hauser-Feshbach formalism for compound and exciton model for PEQ. The measured excitation functions in the xn-, pxn-channels are in good agreement
with EMPIRE compared to those estimated from PACE that confirms the predominance of the CF process. A relatively good agreement between the experimental data and EMPIRE reveals the dependence of cross sections on the collective discrete states of the interacting nuclei, dependence of rotational/vibrational effect on the level density. However, significant enhancement of cross section in the α-emitting channels over the theoretical prediction has been observed and it is attributed to the ICF, which occurred through the breakup of 7 Li into α + t within the energy range studied. The ICF is found to increase with the increasing projectile energy as reported in the case of several heavy ion reactions induced by the α-cluster projectiles. However, measurement of forward angle recoil range distribution of residues and/or spin distributions may further refine ICF in the 7 Li + nat Mo system. [59] R. Bass, Phys. Rev. Lett. 39, 265 (1977) .
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